It is generally agreed that the majority of glass used in the 1st millennium CE was made 68 from sand and alkali in a small number of primary workshops in Palestine or Egypt, then 69 distributed as raw chunks to many secondary workshops for remelting and shaping 70 (Nenna et al., 1997; Degryse 2014) . A number of glass compositional groups have been 71 identified in the Mediterranean and beyond in Late Antiquity and the Early Islamic periods,
72
and these appear to correspond to different primary workshops (Freestone et al., 2000; 73 Foy et al., 2003) . While the distribution of the raw glass offers important information about 
86
It has been observed that glass may undergo a number of compositional changes 87 during vessel production, due to contamination, mixing and loss of volatile material at high 88 temperatures Paynter, 2008; Rehren et al., 2010) . These changes need 89 to be better understood if we are to use compositional data to understand the distribution 90 of archaeological glass. In addition, these compositional effects can offer important 91 evidence of processes in the glass workshop.
92
The converse to these issues is that elemental analysis may help to interpret 93 archaeological material from deposits associated with glass workshops, allowing insights 94 into processes such as supply of raw materials, types of vessels produced and scale and 95 duration of production. Thus analyses of workshop material is valuable from a range of 96 perspectives, and there is a need for more investigation of this type of assemblage.
97
The present paper presents new analytical data for Early Islamic glass and vessels and 98 production material from Tel Aviv. The site is important as, with the exception of Raqqa,
99
Syria (Henderson, 2013) , which also made primary glass, secondary workshop material 100 from the Early Islamic period has hardly been investigated in detail. The present material is 101 from a refuse deposit and the relationships between the glass materials requires 102 clarification through analysis. Key questions include the extent to which vessel cullet 103 (waste glass) was used as a raw material to feed the production process; whether the 104 vessels associated with the production debris represent products of the furnace; the likely 105 duration of the production; and the source of the glass used.
106
The results of the analysis show distinctive elemental patterns which have not been Numerous artefacts were found in the earth layers excavated in the ashlar-built structure
153
(Structure A). As well as pottery sherds and a few small complete vessels, animal bones,
154
fragments of marble slabs and a few stone and metal objects (Tal et al., 2013) that formed part of the furnace were found ( Fig. 2 and Fig. 3) . Some of the bricks had 166 negative straw impressions that were used as a tempering agent during their production.
167
Among the fragmented bricks, some must have been from the furnace ceiling as indicated 168 by vitrified drops. Similar bricks, occasionally mixed with fieldstones, have been found in 169 furnaces at Late Roman Jalame (Weinberg, 1988) , Late Byzantine Ramla (South) (Tal et 170 built furnaces are also known from western Europe (Foy and Nenna, 2001, 61-62) .
172
Nine angular chunks (up to about 4 × 6 cm) of bluish-green and yellowish-brown
173
(amber) glass, covered with a layer of silver weathering, were found, and probably 174 represent the primary raw material brought to the site to produce vessels (Fig. 4) .
175
Alternatively, they could represent remelted material broken out of the furnace, but this is 
Vessel Production Remains

191
One of the most notable finds is a complete, cylindrical, cup-shaped dip mould, unevenly it (cf. Stern, 1995, 45-46) . To impress the pattern, the primary glass gather was blown into 197 it, producing a ribbed vessel. The vessel was then removed and probably would have parallel or twisted on the vessel walls (Gudenrath, 2001, 55, Figs. 44, 45) .
201
Although dip moulds are known as early as the Early Roman period, they are more 202 common in the Islamic period reflecting the large numbers of glass vessels decorated in 203 this fashion (Whitehouse, 2001, 81-82) . A terracotta ribbed dip mould is known from a 204 context of the 3rd-4th century CE at Komarowa, Ukraine (Stern, 1995, 24, Fig. 8) was used by the workers who produced secondary glass at the site. However, no mould-214 blown ribbed vessels were found among the glass fragments in this refuse. 
225
Other working debris fragments are few and consist of a tiny cylindrical rod of light 226 green glass and two rounded uneven glass pieces (Fig. 8 ). These objects are typical by-
227
products from the making of glass vessels. The rod and glass pieces are perhaps the 228 remains from the extraction of the primary gob of glass from the furnace or from the 229 vessels formation. Similar finds were also discovered at Late Roman Jalame (Weinberg, 230 1988, 33-37, Pls. 3-6, Color Pl. 3a) .
232
Glass Vessels
233
About 160 vessel fragments were found of which only 36 are indicative pieces (Fig. 9 ). can be subdivided on this basis into three groups, labelled A-C (Fig. 11) . Soda levels are 8 relatively low, but they confirm a major division between Groups A and B with Na 2 O below 9 13% on the one hand, and Group C with Na 2 O above 14% on the other (Fig. 12) . There is 10 a general increase of chlorine with increasing soda, reflecting the dependence of chlorine 11 solubility in the glass upon the soda content (Fig. 12) .
12
In Fig. 11 we have added comparison data for glass from the Early Islamic primary 13 production centre at Beth Eli'ezer near Hadera (Freestone et. al., 2000 and unpublished 14 data; previously termed "Levantine II") and for the Egypt II groups (Gratuze and 15 Barrandon, 1990; Bimson and Freestone, 1985) . Group B is seen to coincide with the Beth
16
Eli'ezer products, and this interpretation is supported by its low soda content which is 17 typical. Group C appears to represent Egypt II and again its moderate levels of soda are 18 consistent with this. Group A does not overlap with either group, but on the basis of its low 19 soda content, would appear to be more closely related to Group B (Fig. 12) . 
Fig. 11. Lime and alumina for Groups A-C with comparative data for Egypt II and Beth
23
Eli'ezer (for sources see text).
25
Fig. 12. Soda and chlorine contents for Groups A-C. The higher chlorine in Group C
27
reflects its dependency on the higher soda content of the glass.
29 30
On the basis of the strontium content and isotopic composition of the Beth Eli'ezer glass, there is a general correlation between K 2 O and Al 2 O 3 in the glasses analysed (Fig. 15) ,
84
which is a reflection of the association of these components in feldspar or clay minerals in 85 the glassmaking sand (Tal et al., 2004 The possibility of identifying glass from single workshop batches has been explored by 106 Price et al. (2005) and Freestone et al. (2009) . It is argued that each production event or 107 melt is characterised by its own particular mixture of raw materials which imparts a 108 distinctive composition. In the present case it has been argued above that the glass being 109 melted was primary material brought to the workshop direct from tank furnaces, but it 110 appears that even single glass slabs were inhomogeneous, as indicated by the detailed 111 investigation of the glass from the tanks at Beth Eli'ezer (Freestone et al., 2000) . Each 112 charge at the secondary furnace would have comprised chunks removed from the primary 113 production site with their own distinctive composition (Freestone et al., 2009) . Glasses 114 from different melting events will therefore differ in composition, while within a batch 115 vessels have identical compositions, within analytical error.
116
The HaGolan data show five tight compositional batches, where all analysed elements 117 are within two standard deviations of the mean. These are listed in Table 1 suggests that it is relatively late (probably Umayyad), as Late Byzantine glasses from the 137 region typically have higher Na 2 O, in the range 13-16% (Tal et al., 2004; Freestone 138 et al., 2008; Schibille et al., 2008) . Therefore it is assumed that Group A is either Beth
139
Eli'ezer glass which has not been represented in the sample so far analysed from the site,
140
or it represents a contemporary Early Islamic production from another locality in the same 141 region.
142
All Groups A-C contain both vessel fragments and glass production waste or raw 143 material in the form of moils and/or chunks, implying that three compositions were being 144 worked on the site, as vessels and production material are unlikely to be associated in a Egyptian HIMT and Levantine I (e.g. Freestone et al., 2002a; 2002b; Foster and Jackson, 184 2009; Nenna, 2014 the ferri-sulphide chromophore (Schreurs and Brill, 1984; Arletti et al., 2011; Freestone 193 and Stapleton 2015) and is likely to have been produced on an occasional basis. The The suggested date ranges for the products of Beth Eli'ezer (7th-8th centuries CE) and 
